As genes within the major histocompatibility complex (MHC) class I and class II regions facilitate prediction of the immune response, the use of MHC-defined macaques as research subjects improves the reproducibility and validity of experimental results and is thus a vital component of many NIH funded biomedical research programs. 
| INTRODUC TI ON
As genes within the major histocompatibility complex (MHC) class I and class II regions facilitate prediction of the immune response, the use of MHC-defined macaques as research subjects improves the reproducibility and validity of experimental results and is thus a vital component of many NIH funded biomedical research programs. Figure 1 illustrates the various human MHC class I and class II regions including the genes coding for the human leukocyte antigens (HLA)-A, -B, -E, and -F orthologs exhibited by macaques. [1] [2] [3] As Figure 1 depicts, the macaque MHC class I genomic region has many more class I genes than the HLA-class I genomic region as a result of gene duplication events. For instance, rhesus macaques exhibit 4
fold more potentially functional class I proteins than humans. 4 While the macaque MHC class I region is far more complicated in its organization than the HLA-class I region of humans, the class II genes are more conserved between macaques and humans 5 (although many linked macaque MHC class I and II genes have yet to be adequately described 6 ). The advent of massively parallel sequencing (MPS) technologies has aided the comprehensive examination and characterization of MHC organization of colony bred macaques. 7 However, there is no efficient protocol for breeding colony managers to compile this and/or performing sequence specific primer-polymerase chain reaction (SSP-PCR) amplification. 8, 9 As some MHC haplotypes, groups of alleles of MHC genes that are co-inherited, serve a critical simian immunodeficiency virus (SIV) epitope presentation function in macaques that is associated with an adaptive cellular immune response in animals infected with SIV, [10] [11] [12] numbers of colony animals. This study reports MHC data from the CPRC SPF colony that was recently generated using the deep sequencing method first described in Wiseman et al. 23 The composition and distribution of MHC class I and class II haplotypes from the CPRC SPF colony described here will directly benefit the development of the center's SPF colony for AIDS and other disease related research as well as initiatives on infectious or autoimmune diseases in which the immune response of the MHC class I or II haplotypes play a crucial role. See Tables S1 and S2 for Mamu-A, Mamu-B, and DRB haplotype-specific alleles. For all haplotypes, please refer to https://www.ebi.ac.uk/ipd/mhc/.
| ME THODS AND MATERIAL S
September 2017). 24 These "major" alleles that are defined by known haplotypes represent the vast majority of sequence reads and are assumed to initiate most of the immune responses. 25 who relied on full length sequences of these regions in their study (see Table S2 ). These haplotypes are
given preliminary names such as Mamu-DPA02g1 ( Table 1 ).
As systems of nomenclature for abbreviated haplotypes that define MHC class I and II alleles vary and the data for this study were generated by the WNPRC Genetics Services Unit, their nomenclature system was employed in this study. [23] [24] [25] [26] [27] [28] [29] [30] Three of the 7 MHC class I and II regions examined in this study, Mamu-A, -B, and -DRB, contain alleles of more than a single locus (see Figure 1) . A combination of alleles of these loci comprises a haplotype of which less inclusive sub-haplotypes that define minor alleles are subsets, and these haplotypes are indicated by a short name/abbreviation for simplification.
For example, the haplotype "A008" of the Mamu-A region is defined by its major allele, A1*008 of the A1 locus, and minor alleles of the A2
and A3 loci. Tables S1 and S2 list the abbreviated haplotypes that were identified in each animal by matching sequence reads from the class I and class II regions to previously described class I and class II alleles.
Haplotype diversity, or the number of haplotypes per locus and Mamu-B is relatively more common than that between either of these loci and the DRB region while allelic recombination with the DQA-DQB and DPA-DPB gene pairs occurred at a much lower rate (Table 3b ). Figure 1 illustrates the map of the rhesus macaque MHC region based on these LD r estimates.
| D ISCUSS I ON
The distributions and frequencies of MHC class I and class II haplotypes can be examined collectively and comprehensively (Tables 1 and 2 Research Centers (NPRC). 23 For instance, haplotype A002a is common in Indian rhesus macaques and was observed in many individuals in this study. 23, 28, 29 Consistent with the study by Doxiadis et al, 36 highly significant linkage disequilibria (P < .0001) among all 7 loci/regions were observed in this study confirming that the MHC region surveyed TA B L E 3 (a) Analysis of linkage disequilibrium between pairs of loci (where r is correlation coefficient, df is degrees of freedom and P is .001). Analysis was performed using the LinkDos program. 35 Mamu-A 001, 004, 008, and 224a and Mamu-B 001a, 002, 015b, 048, and 069a that were identified in these animals are also found in Chinese rhesus macaques 23, 28, 29 and are regarded as ancestral haplotypes probably due to incomplete lineage sorting of MHC. 42 The extended MHC haplotypes of most CPRC SPF animals (Table 4) were easily inferred mainly due to the extent of LD within this region and the limited number of founders in the source population of Cayo Santiago from which animals were translocated to the CPRC to establish this SPF colony. 38, 43 In addition to being a closed colony, the Cayo Santiago island population, the sole source of the CPRC SPF colony, has experienced extreme founder effects and genetic bottlenecks since its establishment 80 years ago. 38, 39, 43, 44 This is probably why several MHC homozygous individuals with 5 of the most common Indian-origin haplotypes were identified in this study including 16 individuals that were homozygous for the extended haplotype A004/B012b/DR04a/ DQA01g2/DQB06_01/DPA02g1/DPB15g1, which is reported to be very common among US primate centers that are predominantly composed of Indian rhesus macaques (R. Wiseman, pers.
comm. August 2017; September 2017). The 7 Mamu-A haplotypes observed in this study represent fewer than half of the common
Mamu-A haplotypes in Indian-origin rhesus macaques reported in
Wiseman et al, 7 reflecting the relatively lower genetic diversity of the CPRC animals. The presence in the CPRC SPF colony of only 18 Mamu-B008 (2.4%) and 4 Mamu-B017 (0.5%) haplotypes (see Table 1 and Table S1) 
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